Allergic inflammation in the human lower respiratory tract affected by exposure to diesel exhaust.
To improve understanding of human health risks from exposure to diesel exhaust particles (DEP*), we tested whether immunologic effects previously observed in the human nose also occur in the lower airways. Our overall hypothesis was that cell influx and production of cytokines, chemokines, immunoglobulin E (IgE), and other mediators, which would be measurable in sputum and blood, occur in people with asthma after realistic controlled exposures to diesel exhaust (DE). In Phase 1 we tested for direct effects of DE in subjects with clinically undifferentiated mild asthma. In Phase 2 we tested whether DE exposure would exacerbate response to inhaled cat allergen in subjects with both asthma and cat sensitivity. The exposure facility was a controlled-environment chamber supplied with DE from an idling medium-duty truck with ultra-low-sulfur fuel and no catalytic converter. We exposed volunteers for 2 hours with intermittent exercise to exhaust with DEP mass concentration near 100 microg/m3. Exposures to nitrogen dioxide (NO2) near 0.35 ppm (similar to its concentration in DE) and to filtered air (FA) served as controls. Blood was drawn before exposure on day 1 and again the next morning (day 2). Sputum was induced only on day 2. Bronchial reactivity was measured -1 hour after exposure ended. Supplementary endpoints included measures of blood coagulation status, cardiopulmonary physiology, and symptoms. Each phase employed 15 subjects with asthma; 3 subjects participated in both phases. In Phase 1, airway reactivity was measured with inhaled methacholine; in Phase 2, with inhaled cat allergen. We found little biologic response to DE exposure compared with exposure to control atmospheres. In Phase 1, interleukin 4 (IL-4) in sputum showed an estimated 1.7-fold increase attributable to DE exposure, which was close to statistical significance; airway resistance increased modestly but significantly on day 2 after DE exposure; and nonspecific symptom scores increased significantly during DE exposure. In Phase 2, indicators of airway inflammation in sputum showed a possibly meaningful response: polymorphonuclear leukocytes (PMNs) and eosinophils increased after DE exposure, whereas macrophages decreased. IgE in sputum and the bronchoconstrictive response to cat allergen varied significantly between atmospheres, but not in patterns consistent with our primary hypothesis. Symptom score changes relatable to DE exposure were smaller than those in Phase 1 and not statistically significant. Controlled exposures, lasting 2 hours with intermittent exercise, to diluted DE at a particle mass concentration of 100 microg/m3 did not evoke clear and consistent lower-airway or systemic immunologic or inflammatory responses in mildly asthmatic subjects, with or without accompanying challenge with cat allergen. Likewise, these DE exposures did not significantly increase nonspecific or allergen-specific bronchial reactivity. A few isolated statistically significant or near-significant changes were observed during and after DE exposure, including increases in nonspecific symptoms (e.g., headache, nausea) suggestive of subtle, rapid-onset systemic effects. It is possible the lower respiratory tract is more resistant than the nose to adjuvant effects of diesel particles on allergic inflammation, so that no meaningful effects occur under exposure conditions like these. Alternatively, the experimental conditions may have been near a threshold for finding effects. That is, important lower respiratory effects may occur but may be detectable experimentally with slightly higher DEP concentrations, longer exposures, more invasive testing (e.g., bronchoalveolar lavage), or more susceptible subjects. However, ethical and practical barriers to such experiments are considerable.